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ABSTRACT 


Common static trusses are constrained to permit no relative motion between truss 
elements. A Variable Geometry Truss (VGT1, however, is a truiss which contains some 
number of variable length links. The extensible links allow the truss to change shape 
in a precise, controllable manner. These changes can also be used to control the 
vibrational response of a truss structure or to perform robotic tasks. 

Many geometric configurations, both planar and spatial, are possible candidates for 
VGT manipulators. For this presentation only two geometries will be discussed; the 
three degree-of-freedom (DOF) spatial octahedral/octahedral buss and the three DOF 
planar tetrahedral truss. These truss geometries are used as the fundamental element 
in a repeating chain of trusses. This results in a highly dexterous manipulator with 
perhaps 30 to 60 degrees of freedom that retains the favorable stiffness properties of a 
conventional truss. From a fixed base, this type of manipulator could perform shape or 
vibration control while extending and "snaking" through com plex passageways oi 
moving around obstacles to perform robotic tasks. 

In order for this new technology to be useful in terms of robotic applications the 
forward and Inverse kinematic solutions must be efficiently solved. The approach 
taken here is to first concentrate on fully understanding the forward and Inverse 
kinematics of the fundamental elements and then utilizing the insight thus gained to 
solve the more complex problem of the kinematic chains. The Inverse solution of a 30 
DOF planar manipulator will be discussed. The discussion will focus on how to specify 
parameters for an underspecified system by using shape control algorithms. 
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Shape Control of High 
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Variable Geometry Trusses 
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Variable Geometry Trusses 
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Two Candidate Geometries 
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Kinematics 
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Planar VGT Manipulator 
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Chaining n-Bays of Planar 







r\ 




0 

0 




L 

0 




0 

0 


E 





0 


0 

0 


D 

rx 

E 

£ 


0 

J) 

0 

0 


0 


L 



L 

— 

0 

0 


V- 

L 

a 

0 


1 

0 


L 


V 

V 

c 

U. 

0 

0 

X 

0 


CD 

1 

0 



C 

0 

□ 

J CM 

0 

0 



KJ 

L 

0 


— 



L 


0 


D 

0) 


0 


0 

0 


a 


D 

D 


0 


C 





0 

0 




+> 

L 


0 


X 

0 




UJ 

X 





990 


The Position Control Problem 
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Curve Fitting Approach 
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The Position Control Problem 
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Curve Specification by 
Boundary Conditions 
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Intermediate Shape Control 
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Spatial Octahedral 
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Spatial Truss Forward Kinematics 
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Lower Half of Spatial VQT 
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Constraint Equations 
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